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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.
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• Separate the    -coordinates and     /  -coordinates into bins (10 cm in the           
-direction, 1 cm in the boundary (   /  )-coordinate direction).

• Fit each bin in     to a Gaussian.  
• Created a TErrorGraph (range used was customized to remove near-

empty bins on the distribution edges).
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x
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Space Charge Effect (SCE)

!3

Uses:	Space	Charge	Correc@on	

4	x [cm]
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m
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MicroBooNE Preliminary

Figure 1: Start/end points of reconstructed cosmic muon tracks tagged by an external
muon counter in the x–y plane for o↵-beam (cosmic) events. In absence of
detector e↵ects, the points should be distributed along the borders (dashed
lines). Note that the anode is located at x = 0 cm while the cathode is at
x = 256 cm.

3

t0

MICROBOONE-NOTE-1018-PUB	

The	collabora@on	has	already	
published	a	note	on	correc@ons	
for	the	space	charge	effect		
(MICROBOONE-NOTE-1018-
PUB).	
	
This	note	calculates	correc@ons	
for	the	space	charge	effect	
using	a	MuCS	sample	with	
limited	coverage	of	the	TPC	
in				.		An	EXT	unbiased							-
tagged	sample	can	extend	the	
correc@ons	to	wider	coverage	
in				.	

z

z

SCE is caused by positive 
ions which are flowing 
towards the cathode. 

Electric Field Distortions 
Of Up To 15%. 

Maximum Track 
Distortions of Up To 18 cm. 

            

Anode CathodeData
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x
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x

Effects of SCE on Track 
Reconstruction

!4

Figure 2: Impact of the space charge e↵ect on reconstructed tracks in the detector. The
impact on a reconstructed track can be broken up into two distinct features:
a squeezing of the sides of the tracks in the transverse TPC directions that
can somewhat resemble a rotation (“A”) and a bowing of the track toward the
cathode that is most pronounced in the middle of the TPC (“B”).

e↵ect is described in detail, for various directions and locations in the MicroBooNE
TPC. The derivation of a correction that improves the reconstruction of track direction
is then described, including the utilization of MuCS-tagged tracks to validate that the
correction improves tracking performance by making use of measured positions of the
MuCS boxes. Finally, we discuss conclusions from this initial study of the SCE at
MicroBooNE, including future plans for calibrating out the e↵ect more fully within the
TPC.

2 Definitions

Within the context of this note, when we discuss the space charge e↵ect, we specifically
refer to distortions in the reconstructed ionization electron cluster position, not the
underlying distortions of the electric field that yield these spatial o↵sets. However, the
distortion of the electric field throughout the volume of the TPC will lead to spatial
variations in the amount of recombination that is experienced by ionizing particles, as
well as variations in scintillation light yield produced during particle interactions in the
liquid argon, and is an important topic for future study.
SCE defined in this way (as spatial distortions) can be decomposed from a vector

quantity into three o↵sets in reconstructed ionization electron cluster position:

�x = x

reco

� x

true

, (1)

�y = y

reco

� y

true

, (2)

and
�z = z

reco

� z

true

, (3)

where x

reco

, y
reco

, and z

reco

represent the reconstructed ionization electron cluster po-
sition coordinates and x

true

, y
true

, and z

true

represent the true position coordinates of

4

Track Reconstruction 
Effects:

A squeezing 
of the sides 
of the track 

that  
resembles a 

rotation.

A bowing of 
the track 

toward the 
cathode.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Simulation of  
Space Charge Effects

!5

Effects on track reconstruction from space charge effects were integrated into our 
last simulation campaign (Early 2017).      

MicroBooNE Public Note: http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf 


(November 29th, 2016)

Note the different color scales 
of the plots!

Christopher Barnes,  2018 APS April Conference, April 15th, 2018
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

8

Spatial Dependence 
Study: Front

The lesser amount of track distortions due to SCE at the detector front seen in the previous two slides is seen in the 
righthand plot.

MicroBooNE  
Simulation  
In-Progress

MicroBooNE   
In-Progress

Track Distortion From TPC Face [cm] Track Distortion From TPC Face [cm]

Christopher Barnes,  2018 APS April Conference, April 15th, 2018
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Cosmic Ray Muon Tracks

5

MicroBooNE In-Progress

Data

Figure 3: Heatmaps showing (top, left) the y vs. x and (top, right) the y vs. z coverages of t0-tagged
anode-cathode crossing tracks and (middle, left) the y vs. x and (middle, right) the y vs. z coverages
of t0-tagged anode-piercing/cathode-piercing tracks, all in data. 51,585 events are shown in both the
plot for the anode-piercing/cathode-piercing tracks and the plot for the anode-cathode crossing tracks.
Each of these heatmaps has a di↵erent colorscale to show o↵ the coverage of each distribution. The plots
of the y vs. x distributions for the side-piercing sample (left) and the side-crossing sample (right) are
shown in log scale in the bottom row.

5

MicroBooNE In-Progress

Note the  
different axis/ 

colorbar scales 
in comparing  
these plots.

A sample of tracks with complete 3D positional information is necessary for an SCE study.

Y vs. Z Y vs. XEfficiency [Tracks/Event] Efficiency [Tracks/Event]
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x
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Figure 5: Illustration of the simulated e↵ects of space charge on the distortions in re-
constructed ionization electron cluster position in the MicroBooNE TPC, as
described in Sec. 3. Results are shown for the e↵ect in x (top row), y (middle
row), and z (bottom row). The distortions in reconstructed ionization electron
cluster position are shown in units of cm and are plotted as a function of the
true position in the TPC. Simulation results are shown both for a central slice
in z (left column) and for a slice in z closer to the end of the TPC, z = 10 cm
(right column).
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MicroBooNE  
Simulation  
Preliminary

MicroBooNE  
Simulation  
Preliminary

http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Cosmic Ray Muon Tracks

!6

Y

X

Top

Bottom

Anode Cathode

All four permutations of top/bottom with each side 
contribute tracks. 

Permutations of front/back with each side contribute  
tracks.

An example cosmic ray muon  
track that pierces the top  

and anode of the TPC.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x
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x

Cosmic Ray Muon Tracks
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MicroBooNE In-Progress

Data

Figure 3: Heatmaps showing (top, left) the y vs. x and (top, right) the y vs. z coverages of t0-tagged
anode-cathode crossing tracks and (middle, left) the y vs. x and (middle, right) the y vs. z coverages
of t0-tagged anode-piercing/cathode-piercing tracks, all in data. 51,585 events are shown in both the
plot for the anode-piercing/cathode-piercing tracks and the plot for the anode-cathode crossing tracks.
Each of these heatmaps has a di↵erent colorscale to show o↵ the coverage of each distribution. The plots
of the y vs. x distributions for the side-piercing sample (left) and the side-crossing sample (right) are
shown in log scale in the bottom row.
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MicroBooNE In-Progress

Note the  
different axis/ 

colorbar scales 
in comparing  
these plots.

A sample of tracks with complete 3D positional information is necessary for an SCE study.

Y vs. Z Y vs. XEfficiency [Tracks/Event] Efficiency [Tracks/Event]
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Cosmic Ray Muon Tracks
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MicroBooNE In-Progress

Data

Figure 3: Heatmaps showing (top, left) the y vs. x and (top, right) the y vs. z coverages of t0-tagged
anode-cathode crossing tracks and (middle, left) the y vs. x and (middle, right) the y vs. z coverages
of t0-tagged anode-piercing/cathode-piercing tracks, all in data. 51,585 events are shown in both the
plot for the anode-piercing/cathode-piercing tracks and the plot for the anode-cathode crossing tracks.
Each of these heatmaps has a di↵erent colorscale to show o↵ the coverage of each distribution. The plots
of the y vs. x distributions for the side-piercing sample (left) and the side-crossing sample (right) are
shown in log scale in the bottom row.
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MicroBooNE In-Progress

Note the  
different axis/ 

colorbar scales 
in comparing  
these plots.

A sample of tracks with complete 3D positional information is necessary for an SCE study.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Cosmic Ray Muon Tracks

5

MicroBooNE In-Progress

Data

Figure 3: Heatmaps showing (top, left) the y vs. x and (top, right) the y vs. z coverages of t0-tagged
anode-cathode crossing tracks and (middle, left) the y vs. x and (middle, right) the y vs. z coverages
of t0-tagged anode-piercing/cathode-piercing tracks, all in data. 51,585 events are shown in both the
plot for the anode-piercing/cathode-piercing tracks and the plot for the anode-cathode crossing tracks.
Each of these heatmaps has a di↵erent colorscale to show o↵ the coverage of each distribution. The plots
of the y vs. x distributions for the side-piercing sample (left) and the side-crossing sample (right) are
shown in log scale in the bottom row.

5

MicroBooNE In-Progress

Note the  
different axis/ 

colorbar scales 
in comparing  
these plots.

A sample of tracks with complete 3D positional information is necessary for an SCE study.

Y vs. Z Y vs. XEfficiency [Tracks/Event] Efficiency [Tracks/Event]

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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Spatial Dependence 
Study: Top

The differences between reconstructed data and reconstructed simulation can possibly be attributed to variations in argon 
flow in certain regions of the detector.         

MicroBooNE  
Simulation  
In-Progress

MicroBooNE   
In-Progress

Track Distortion From TPC Face [cm] Track Distortion From TPC Face [cm]
DataSimulation

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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Spatial Dependence 
Study: Front

The lesser amount of track distortions due to SCE at the detector front seen in the previous two slides is seen in the 
righthand plot.

MicroBooNE  
Simulation  
In-Progress

MicroBooNE   
In-Progress

Track Distortion From TPC Face [cm] Track Distortion From TPC Face [cm]

Simulation Data

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Spatial Dependence Study: 
Interface Distortion Comparison

!10

Figure 15: A view of the distortion due to space charge at the top and front of the TPC in data. The
asymmetry of the two distributions with respect to one another is clear in this plot. 380,000 events and
1,176,587 events are used in the measurement to generate the distortion at the top and front of the TPC,
respectively.

Figure 16: The di↵erence between simulated and reconstructed track o↵sets at the top of the detector
in (left) Monte Carlo and (right) data. 501,250 events are used to generate the plot for Monte Carlo and
380,000 events are used to generate the plot for data.

Figure 17: The di↵erence between simulated and reconstructed track o↵sets at the bottom of the detector
in (left) Monte Carlo and (right) data. 501,250 events are used to generate the plot for Monte Carlo and
380,000 events are used to generate the plot for data.

14

MicroBooNE   
In-Progress Track Distortion From TPC Face [cm]

This view of the track distortions due to SCE at the top and front of the detector display: 
1. The lack of track distortions due to SCE at the top/front of the detector (not predicted by simulation). 
2. The greater magnitude of the track distortions at the top of the detector vs. the front (predicted by simulation).

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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The differences between reconstructed data and reconstructed simulation can possibly be attributed to variations in argon 
flow in certain regions of the detector.         

Spatial Dependence 
Study: Bottom

MicroBooNE  
Simulation  

In-Progress

MicroBooNE   
In-Progress

Track Distortion From TPC Face [cm] Track Distortion From TPC Face [cm]
Simulation Data

Christopher Barnes,  2018 APS April Conference, April 15th, 2018

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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The differences between data and simulation can possibly be attributed to variations in argon flow in certain regions of the 
detector.         

Spatial Dependence 
Study: Bottom

MicroBooNE  
Simulation  

In-Progress

MicroBooNE   
In-Progress

Distortion From TPC Face [cm] Distortion From TPC Face [cm]

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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Spatial Dependence 
Study: Back

The distortions in data at the back of the TPC are more symmetric than at any of the other three faces in data.

MicroBooNE  
Simulation  

In-Progress

MicroBooNE   
In-Progress

Track Distortion From TPC Face [cm] Track Distortion From TPC Face [cm]
Simulation Data

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 

9

Christopher Barnes
Space Charge Measurements with Cosmic Data

MicroBooNE Fall Collaboration Meeting 
November 1st, 2017

0 50 100 150 200 250
4−

3−

2−

1−

0

1

2

3

0 50 100 150 200 250

3−

2−

1−

0

1

2

3

A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Time Dependence Study: 
Data

!13

SCE	Variations	Data	Top	– Full	Detector	Width

MicroBooNE In-Progress MicroBooNE In-Progress

68% Band 
95% Band The track distortions due to SCE are lessening at the detector top as a function of time.

MicroBooNE   
In-Progress

MicroBooNE   
In-Progress

Christopher Barnes,  2018 APS April Conference, April 15th, 2018

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Time Dependence Study: 
Data
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SCE	Variations	Data	Top	– Full	Detector	Width

MicroBooNE In-Progress MicroBooNE In-Progress

68% Band 
95% Band The track distortions due to SCE are lessening at the detector top as a function of time.

MicroBooNE   
In-Progress

MicroBooNE   
In-Progress
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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Spatial Dependence 
Study: Top

The differences between data and simulation can possibly be attributed to variations in argon flow in certain regions of the 
detector.         

MicroBooNE  
Simulation  
In-Progress

MicroBooNE   
In-Progress

Distortion From TPC Face [cm] Distortion From TPC Face [cm]

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x
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“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

Time Dependence Study: 
Data
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68% Band 
95% Band The track distortions due to SCE are lessening at the detector top as a function of time.
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.

Run 1 Top-Piercing     vs.      Functional Fit: 20 cm <     < 30 cm zy
x

10 cm       Bins
x

15 cm       Bins
x

“Choppy” Gaussian Trendline: 
ROOT TSpline Fit 
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A TSpline allows for functional fits to data that would not have a good fit with any non-higher-order polynomial.
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Conclusions
• MicroBooNE has observed space charge effects in data.


• We have quantified differences in the space charge effects 
in simulation and in data.


• Therefore, a full data-driven calibration of the space charge 
effect is necessary.


• Liquid argon flow could explain the non-uniformities at the 
detector boundaries in data.
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Method
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This study measures the magnitude of track 
distortions from SCE at the TPC top, bottom, 

front, and back. 

-tagged tracks are first sorted according to 
which boundary of the TPC they pierce.  Track 
distortions from SCE are studied for each face 

as a function of position along the     -axis.  

Track distortions from SCE are studied as a 
function of (1) position and (2) time by: 

(1) dividing the detector in slices in the 
transverse    /   axis. 

(2) dividing the data up in time.

Sample Used in the 
Cosmic Calibration
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3

Anode-Piercing/Cathode-Piercing Track Sample  Anode/Cathode-Crossing	Track	Sample

These tracks must pierce EITHER the anode OR the 
cathode.

These tracks must pierce BOTH the anode AND the 
cathode.

case in all areas of the TPC, because over four times as many tracks survive the optimal set of cuts in
the anode-piercing case as do in the cathode-piercing case, as shown in Table 3. In both plots, however,
the coverage is greatest in the TPC bulk between z = 200 cm - 700 cm. There is a dropo↵ in coverage
in the vertical area close to z = 700 cm, because this is a dead wire region of the TPC. Some voxels in
the heatmaps representing regions located outside of the TPC volume are populated, because these are
filled on the occasion that track reconstruction begins outside the TPC.

Coverage maps for y vs. x are shown in Figure 10. The same bias that was present in the analogous
coverage maps for simulation in Figure 8 can be seen in this one. The coverage values are also lower
in the corners of the TPC in the y vs. x plane in the cathode-piercing case because of any distortions
of track positions due to variations in the electric field, which push ionization electrons away from the
negatively charged cathode.

MicroBooNE Preliminary	 MicroBooNE Preliminary	

Figure 10: Coverage maps for anode-piercing (left) and cathode-piercing (right) track-hit densities per
event of y vs. x for the optimal set of cuts for the o↵-beam cosmic data events. The x-coordinate
axis is labelled as ‘corrected’ because the constant proportional to the t0 correction is applied to every
x-coordinate.

5 Conclusion

In this note, we present a method for reconstructing the t0 of anode-piercing and cathode-piercing tracks
that uses only TPC information. Additional TPC information and PMT information are used to prepare
a pure sample of these tracks. We find that for cuts of > 80 cm on track length and > 50 PEs of a
flash of light recorded in the PMTs with a ± 1 µs flash window we achieve purity values of 99% for
simulated anode-piercing tracks, 98% for simulated anode-piercing tracks, and 97% for externally tagged
data tracks. By assuming that the rate at which cosmic-rays pass through the TPC is constant during
data-taking, we expect with this method there to be 1.31⇥107 anode-piercing tracks/day and 0.324⇥107

cathode-piercing tracks/day with reconstructed t0 passing these cuts. The algorithm described in this
note provides a method by which to obtain a sample of fully reconstructed 3D tracks for the purposes
of detector calibration. The purely geometric t0 reconstruction makes this method especially attractive
for its simplicity and adaptability to any near-surface LArTPC detector.
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Each     bin in the histograms is fit to a Gaussian, with the median and error bars shown in these plots. 

For the spatial distortion study, a fit function is used to extrapolate to     = 250 cm, where statistics are scant. 

In the time-dependent study, a linear extrapolation of the trendline formed by the      bins is used.      
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case in all areas of the TPC, because over four times as many tracks survive the optimal set of cuts in
the anode-piercing case as do in the cathode-piercing case, as shown in Table 3. In both plots, however,
the coverage is greatest in the TPC bulk between z = 200 cm - 700 cm. There is a dropo↵ in coverage
in the vertical area close to z = 700 cm, because this is a dead wire region of the TPC. Some voxels in
the heatmaps representing regions located outside of the TPC volume are populated, because these are
filled on the occasion that track reconstruction begins outside the TPC.

Coverage maps for y vs. x are shown in Figure 10. The same bias that was present in the analogous
coverage maps for simulation in Figure 8 can be seen in this one. The coverage values are also lower
in the corners of the TPC in the y vs. x plane in the cathode-piercing case because of any distortions
of track positions due to variations in the electric field, which push ionization electrons away from the
negatively charged cathode.
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Figure 10: Coverage maps for anode-piercing (left) and cathode-piercing (right) track-hit densities per
event of y vs. x for the optimal set of cuts for the o↵-beam cosmic data events. The x-coordinate
axis is labelled as ‘corrected’ because the constant proportional to the t0 correction is applied to every
x-coordinate.

5 Conclusion

In this note, we present a method for reconstructing the t0 of anode-piercing and cathode-piercing tracks
that uses only TPC information. Additional TPC information and PMT information are used to prepare
a pure sample of these tracks. We find that for cuts of > 80 cm on track length and > 50 PEs of a
flash of light recorded in the PMTs with a ± 1 µs flash window we achieve purity values of 99% for
simulated anode-piercing tracks, 98% for simulated anode-piercing tracks, and 97% for externally tagged
data tracks. By assuming that the rate at which cosmic-rays pass through the TPC is constant during
data-taking, we expect with this method there to be 1.31⇥107 anode-piercing tracks/day and 0.324⇥107

cathode-piercing tracks/day with reconstructed t0 passing these cuts. The algorithm described in this
note provides a method by which to obtain a sample of fully reconstructed 3D tracks for the purposes
of detector calibration. The purely geometric t0 reconstruction makes this method especially attractive
for its simplicity and adaptability to any near-surface LArTPC detector.
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case in all areas of the TPC, because over four times as many tracks survive the optimal set of cuts in
the anode-piercing case as do in the cathode-piercing case, as shown in Table 3. In both plots, however,
the coverage is greatest in the TPC bulk between z = 200 cm - 700 cm. There is a dropo↵ in coverage
in the vertical area close to z = 700 cm, because this is a dead wire region of the TPC. Some voxels in
the heatmaps representing regions located outside of the TPC volume are populated, because these are
filled on the occasion that track reconstruction begins outside the TPC.

Coverage maps for y vs. x are shown in Figure 10. The same bias that was present in the analogous
coverage maps for simulation in Figure 8 can be seen in this one. The coverage values are also lower
in the corners of the TPC in the y vs. x plane in the cathode-piercing case because of any distortions
of track positions due to variations in the electric field, which push ionization electrons away from the
negatively charged cathode.

MicroBooNE Preliminary	 MicroBooNE Preliminary	

Figure 10: Coverage maps for anode-piercing (left) and cathode-piercing (right) track-hit densities per
event of y vs. x for the optimal set of cuts for the o↵-beam cosmic data events. The x-coordinate
axis is labelled as ‘corrected’ because the constant proportional to the t0 correction is applied to every
x-coordinate.

5 Conclusion

In this note, we present a method for reconstructing the t0 of anode-piercing and cathode-piercing tracks
that uses only TPC information. Additional TPC information and PMT information are used to prepare
a pure sample of these tracks. We find that for cuts of > 80 cm on track length and > 50 PEs of a
flash of light recorded in the PMTs with a ± 1 µs flash window we achieve purity values of 99% for
simulated anode-piercing tracks, 98% for simulated anode-piercing tracks, and 97% for externally tagged
data tracks. By assuming that the rate at which cosmic-rays pass through the TPC is constant during
data-taking, we expect with this method there to be 1.31⇥107 anode-piercing tracks/day and 0.324⇥107

cathode-piercing tracks/day with reconstructed t0 passing these cuts. The algorithm described in this
note provides a method by which to obtain a sample of fully reconstructed 3D tracks for the purposes
of detector calibration. The purely geometric t0 reconstruction makes this method especially attractive
for its simplicity and adaptability to any near-surface LArTPC detector.
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case in all areas of the TPC, because over four times as many tracks survive the optimal set of cuts in
the anode-piercing case as do in the cathode-piercing case, as shown in Table 3. In both plots, however,
the coverage is greatest in the TPC bulk between z = 200 cm - 700 cm. There is a dropo↵ in coverage
in the vertical area close to z = 700 cm, because this is a dead wire region of the TPC. Some voxels in
the heatmaps representing regions located outside of the TPC volume are populated, because these are
filled on the occasion that track reconstruction begins outside the TPC.

Coverage maps for y vs. x are shown in Figure 10. The same bias that was present in the analogous
coverage maps for simulation in Figure 8 can be seen in this one. The coverage values are also lower
in the corners of the TPC in the y vs. x plane in the cathode-piercing case because of any distortions
of track positions due to variations in the electric field, which push ionization electrons away from the
negatively charged cathode.

MicroBooNE Preliminary	 MicroBooNE Preliminary	

Figure 10: Coverage maps for anode-piercing (left) and cathode-piercing (right) track-hit densities per
event of y vs. x for the optimal set of cuts for the o↵-beam cosmic data events. The x-coordinate
axis is labelled as ‘corrected’ because the constant proportional to the t0 correction is applied to every
x-coordinate.

5 Conclusion

In this note, we present a method for reconstructing the t0 of anode-piercing and cathode-piercing tracks
that uses only TPC information. Additional TPC information and PMT information are used to prepare
a pure sample of these tracks. We find that for cuts of > 80 cm on track length and > 50 PEs of a
flash of light recorded in the PMTs with a ± 1 µs flash window we achieve purity values of 99% for
simulated anode-piercing tracks, 98% for simulated anode-piercing tracks, and 97% for externally tagged
data tracks. By assuming that the rate at which cosmic-rays pass through the TPC is constant during
data-taking, we expect with this method there to be 1.31⇥107 anode-piercing tracks/day and 0.324⇥107

cathode-piercing tracks/day with reconstructed t0 passing these cuts. The algorithm described in this
note provides a method by which to obtain a sample of fully reconstructed 3D tracks for the purposes
of detector calibration. The purely geometric t0 reconstruction makes this method especially attractive
for its simplicity and adaptability to any near-surface LArTPC detector.
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case in all areas of the TPC, because over four times as many tracks survive the optimal set of cuts in
the anode-piercing case as do in the cathode-piercing case, as shown in Table 3. In both plots, however,
the coverage is greatest in the TPC bulk between z = 200 cm - 700 cm. There is a dropo↵ in coverage
in the vertical area close to z = 700 cm, because this is a dead wire region of the TPC. Some voxels in
the heatmaps representing regions located outside of the TPC volume are populated, because these are
filled on the occasion that track reconstruction begins outside the TPC.

Coverage maps for y vs. x are shown in Figure 10. The same bias that was present in the analogous
coverage maps for simulation in Figure 8 can be seen in this one. The coverage values are also lower
in the corners of the TPC in the y vs. x plane in the cathode-piercing case because of any distortions
of track positions due to variations in the electric field, which push ionization electrons away from the
negatively charged cathode.

MicroBooNE Preliminary	 MicroBooNE Preliminary	

Figure 10: Coverage maps for anode-piercing (left) and cathode-piercing (right) track-hit densities per
event of y vs. x for the optimal set of cuts for the o↵-beam cosmic data events. The x-coordinate
axis is labelled as ‘corrected’ because the constant proportional to the t0 correction is applied to every
x-coordinate.

5 Conclusion

In this note, we present a method for reconstructing the t0 of anode-piercing and cathode-piercing tracks
that uses only TPC information. Additional TPC information and PMT information are used to prepare
a pure sample of these tracks. We find that for cuts of > 80 cm on track length and > 50 PEs of a
flash of light recorded in the PMTs with a ± 1 µs flash window we achieve purity values of 99% for
simulated anode-piercing tracks, 98% for simulated anode-piercing tracks, and 97% for externally tagged
data tracks. By assuming that the rate at which cosmic-rays pass through the TPC is constant during
data-taking, we expect with this method there to be 1.31⇥107 anode-piercing tracks/day and 0.324⇥107

cathode-piercing tracks/day with reconstructed t0 passing these cuts. The algorithm described in this
note provides a method by which to obtain a sample of fully reconstructed 3D tracks for the purposes
of detector calibration. The purely geometric t0 reconstruction makes this method especially attractive
for its simplicity and adaptability to any near-surface LArTPC detector.
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